I
diopathic inflammatory bowel disease (IBD) collectively describes ulcerative colitis (UC) and Crohn's disease (CD). UC is characterised by inflammation limited to the colonic mucosa and collagen deposition only in the submucosa, 1 whereas CD is characterised by transmural, granulomatous inflammation and thickening of the bowel wall as a result of thickening of the muscularis layers and transmural fibrosis. CD can affect any part of the gastrointestinal tract but most commonly affects the distal small intestine and proximal colon. In diseased bowel in CD there is excessive deposition of collagen, especially collagen types V, III, and I, throughout the mucosa, submucosa, and serosa. The resultant bowel strictures may require surgical resection. [1] [2] It has been suggested that fragments of collagen arising during its synthesis and breakdown and released into blood may be markers of tissue fibrosis and response to non-surgical treatment in CD. 3 Disease activity is usually assessed from a combination of symptoms, endoscopy, radiology, isotope scanning, and laboratory findings, including C reactive protein (CRP) and albumin. Increasing interest is being shown in the extracellular matrix (ECM) and the gut epithelial basement membrane, which is a specialised form of ECM, in IBD, but there are so far only sparse data relating the serum concentrations of basement membrane components or other ECM serum markers to IBD. This is partially addressed in last month's issue by Koutroubakis et al. 4 
THE EXTRACELLULAR MATRIX IN IBD
In IBD, intestinal inflammation leads to mucosal ulceration and subsequent tissue repair with smooth muscle cell (SMC) proliferation and remodelling of the ECM. A major component of ECM is collagen, which, when present in excess, leads to tissue fibrosis. ECM undergoes constant turnover, with a balance between synthesis and breakdown of its components. The matrix metalloproteinase (MMP) enzymes, of which there are at least 20, have been implicated in the tightly regulated degradation of ECM components and are reviewed elsewhere. 5 Each type has its own substrate specificity, and so the enzymes are sometimes known as collagenases, gelatinases, and stromelysins, etc. MMP activity is countered by endogenous inhibitors, such as a2 macroglobulin and tissue inhibitors of matrix metalloproteinases (TIMPs), of which there are at least four types. MMP and TIMP have a crucial role in ECM remodelling, and hence the expression of MMP and TIMP-1 mRNA is greatly increased in biopsy specimens from ulcerated colonic tissue from patients with IBD. 6 7 ''It has been suggested that fragments of collagen arising during its synthesis and breakdown and released into blood may be markers of tissue fibrosis and response to non-surgical treatment in Crohn's disease'' At another level, ECM remodelling may be controlled by growth factors, including transforming growth factor b1 (TGFb1) and insulin-like growth factor 1 (IGF-1). 8 Experiments on extraintestinal tissue show that TGFb1 and IGF-1 both stimulate collagen deposition by fibroblasts, whereas they reduce the cellular expression of MMP. In addition, TGFb1 increases TIMP-1 expression. [9] [10] [11] Little is known of the cells that manufacture ECM and collagen in IBD. In the damaged liver, the activated stellate cell produces ECM and collagen, and in chronic liver injury, stellate cells proliferate and mediate fibrosis. The situation is less clear in the intestine, but there may be a population of mesenchymal cells that becomes fibrogenic under the influence of cytokines or other factors. These have been classified as fibroblasts, SMC, and subepithelial myofibroblasts (SEMF). 2 Fibroblasts are the major cellular component of loose connective tissue, whereas SMC are confined to the muscularis mucosa. SEMF are similar to fibroblasts, but they possess a smooth muscle actin. Inflammatory cell infiltrates in IBD include macrophages, lymphocytes, plasma cells, 12 and mast cells. 13 
THE GUT EPITHELIAL BASEMENT MEMBRANE
The gut epithelial basement membrane is a specialised structure composed of ECM components. Basement membranes are ubiquitous and form stable sheets through self assembly. They support and separate the epithelium from the underlying connective tissue or lamina propria, but they also influence the behaviour of epithelial cells by controlling their shape, gene expression, adhesion, migration, proliferation, and apoptosis. 14 15 Gut basement membrane consists, as elsewhere in the body, of laminins, collagens (predominantly collagen IV), proteoglycans, calcium binding proteins such as fibulin, and various other structural or adhesive proteins. 15 The major non-collagenous components are the heterotrimeric laminin glycoproteins, of which three distinct forms have been identified in human small intestinal epithelium. These are laminin 1 (a1b1c1) and laminin 5 (a3,b3,c2), which are normally expressed at the base of villus cells, and laminin 2 (a2b1c1), which is usually found in the crypts. 16 They play a crucial role in epithelial cell anchoring, cell migration, and the differentiation of epithelial cells, and are manufactured by mesenchymal cells in the ECM. 17 
BASEMENT MEMBRANE AND ECM CHANGES IN IBD
Much work has concentrated on the pathophysiology of intestinal fibrosis, especially in relation to CD, but there are relatively few studies on the epithelial basement membrane in IBD. Changes in basement membrane structure have been identified in colonic tissue from patients with UC, with loss of immunoreactivity to laminin in the basement membrane accompanied by an increase in collagen IV and V expression. These changes paralleled the severity of inflammation within individual patients. 18 Such alterations in basement membrane composition may mirror observed alterations of epithelial integrity, manifest by fluid and electrolyte loss, increased migration of bacteria, and accumulation of lymphocytes.
Mast cells reside in connective tissue, secrete numerous inflammatory mediators, and also may be implicated in intestinal fibrosis. They localise with laminin in CD strictures, and surprisingly laminin is present not only in the basement membrane of submucosal blood vessels but also deposited within the muscularis propria. This laminin may have been derived from either the mast cells or the surrounding SMC, because mast cells were found at the centre of each deposit. It was further suggested that laminin, mast cells, and SMC interact to promote stricture formation. 13 Altered expression of the a1, a2, and a3 subunits of laminin has been noted in the inflamed segments of CD small intestine, and thus laminin 2 in intestinal crypts was replaced by laminin 1 and laminin 5. Increased expression of the a1 subunit is of particular importance because, as opposed to a2 and a3, it is also expressed by non-epithelial cellular elements, namely SMC and blood vessels. 16 It is conceivable that in inflamed tissue, SMC or blood vessels, rather than the basement membrane, are primarily responsible for the increased laminin a1 subunit expression. This could lead to fibrosis in the muscularis mucosa, as seen in UC and transmurally in CD.
BASEMENT MEMBRANE COMPONENTS IN SERUM IN IBD
Koutroubakis et al measured serum concentrations of two components of the basement membrane, laminin and collagen IV, in 170 patients with IBD (86 with UC and 84 with CD), and control groups consisting of 23 patients with non-IBD intestinal inflammation and 80 healthy subjects, and correlated the concentrations with the severity of the disease. 4 They found that patients with both UC and CD had higher serum laminin and lower collagen IV concentrations than both non-IBD inflammatory and healthy control subjects. A weak correlation was seen between serum laminin and CRP and a negative one with albumin. None was found between collagen IV and albumin or CRP. No correlation was found between the two basement membrane components and two standard assessments of IBD activity, namely the Crohn's disease activity index and the simple clinical colitis activity index.
Interestingly, seven patients with IBD in the cohort also suffered from primary sclerosing cholangitis (PSC), which is associated with IBD, and these patients had significantly higher collagen IV concentrations than did their non-PSC counterparts. Six other patients with non-PSC liver disease were excluded. In a previous study, serum aminoterminal propeptide of type III procollagen (S-PIIINP), a hepatic marker of ongoing fibrosis and inflammation, was raised in PSC. 19 More recently, both laminin and S-PIIINP were found to be raised in only 19% and 40% of patients with IBD, respectively, although increases were greater in those with laboratory abnormalities of hepatic or pancreatic function. 20 However, concentrations of neither marker correlated with IBD disease activity. In contrast, in another small study in 15 patients with CD embarking on surgery for their disease, concentrations of PIIINP and C terminal propeptide of collagen I were reduced compared with those of healthy controls before surgery. Both are markers of collagen synthesis, and so this was an unexpected result, 3 especially because the same authors had previously shown in 29 patients with CD that collagen I degradation, as judged by increased serum concentrations of the C-terminal telopeptide of type I collagen, was increased in both active CD and patients with CD entering remission. 21 Either serum laminin or collagen concentrations (or markers of their turnover) should increase in proportion to worsening IBD disease activity, in which there is considerable bowel inflammation and fibrosis. Thus, it seems that, although laminin concentrations may be modestly raised, markers of collagen turnover are not. One explanation could be that ECM or basement membrane components are retained or degraded locally.
''It might have been more functionally relevant to choose collagen V in the context of gauging the activity of disease or intestinal fibrosis'' Koutroubakis et al did attempt to exclude cases where concomitant liver dysfunction might alter serum ECM components, but it would be difficult to exclude cases where liver dysfunction had not disturbed liver blood tests. It could also be argued that any rise in serum laminin seen in active IBD could be confounded by other sources of serum laminin from inflamed or disrupted extraintestinal basement membranes.
It is also unclear why collagen IV was chosen as a marker of disease activity and intestinal tissue remodelling. It is true that collagen IV is the major collagen type found in basement membrane and raised concentrations may represent basement membrane disruption or turnover, but previous studies suggest that, although the serum concentrations of most types of collagen are raised with intestinal fibrosis, collagen V predominantly is affected.
2 Therefore, it might have been more functionally relevant to choose collagen V in the context of gauging the activity of disease or intestinal fibrosis. 22 In summary, basement membrane components are not yet ready to be markers of IBD activity, and much has to be learned of the importance of the ECM in IBD. The cell biology of the intestinal mesenchyme and the generation of intestinal fibrosis have not received as much attention as the hepatic stellate cell, and this could be a fruitful area for study, with the long term goal of inhibiting fibrosis and stenosis.
